This study appraises diverse theoretical concepts into a coherent hypothetical concept of the pathophysiology of oral biofilms. The microbiota, their characteristics and properties are systematically analyzed and mechanisms of maturation clarified. Not all biofilms are the same as its stagnation and progress leads to development of gum disease and/or tooth decay. By deconstructing and assessing the various stages and types of oral biofilms, greater insight is attained in terms of assessing methods of prevention, its formation and control. Besides the local effect of biofilms on the teeth, bone and soft oral structures, some pathological effects and mechanisms derived from oral biofilms on systemic disease are high-lighted and articulated into a comprehensible hypothetical rationale.
Introduction
Oral bacteria are the causes of the two most prevalent, globally ubiquitous diseases which affect Mankind, namely tooth decay and gum disease [1, 2] .
Oral biofilms, commonly called "plaque", this name is a descriptor term derived from 'plaques' of micro-organism colonies' growth on nutrient microbial medium, as bacterial cultures in laboratories. Clinically it may be referred to "materia alba", which can be easily demonstrated by scraping off the soft surface covering from tooth surfaces, or using disclosing dyes [3] .
One mg of oral biofilm contain 10-6 bacteria include over 750 species. Severely infected mouths contain between 3 to 5 grams of microbial biomass. The vast majority of well-cared-for mouths will have 0.25G of sessile biofilm, and an equal amount of planktonic micro-organisms. Sessile biofilms are flat adherent bacterial colonies sticking to the tooth surface, especially in areas less prone to physical disturbance from eating food. These areas tend to be on the dental cervical margins and interdentally. Planktonic micro-organisms are those which float about in liquid medium, as in oral saliva, and may be individual, small clumps or in detached colonies. Oral plaque is not uniform, nor consistent in make-up, and different biofilms have different properties and characteristics [4] .
Aim
This study appraises diverse theoretical concepts and articulates them into a coherent hypothesis of the pathophysiology of oral biofilms. Various types are discussed and grouped into stages of oral biofilms. Methods of clinical assessment are put forward, and methods are suggested on how to prevent formation, control its pathogenicity, and eliminate resulting morbidity. Besides the local effect of biofilms (as decay on the teeth and on gums as gingivitis), some systemic pathological effects derived from oral biofilms are discussed.
Pathophysiology of Oral Biofilms Pilot Ecosystems
Pilot Ecosystems (PE), left undisturbed over a period of time, change into to Climax Ecosystems (CE). The initial PE's are generally Gram positive, predominantly aerobic, non-motile, Extra-Cellular Polysaccharide (ECP) producing biofilms. PE produces mainly exotoxins, and an array of enzymes. The Gram-Positive bacteria are mainly Staphylococci and Streptococci with Actinomyces species. Among their cellular enzymes they produce, are an array of enzyme transferases which promote transforming glucose, fructose and galactose molecules into sticky gel-like polymers as Extra-Cellular Polysaccharide (ECP) [5] . The complexity of oral biofilm microflora has rendered it almost difficult to develop a successful vaccine to prevent decay and gum disease [6] .
PE Mechanisms of Attachment of Gram Positive Bacteria, to the Tooth Surface
The ECP through a variety of microbial mechanisms, allow attachment, growth and proliferation of Gram positive initially, and subsequent Gram negative bacteria on the teeth. To start the surface of the tooth is covered by the enamel pellicle, or has exposed enamel hydroxyapatite crystals which are negatively charged. ECP of the PE microbes accumulates as a glycocalyx surface covering the pioneer organisms, is also negatively charged. These electronic charges are called London van der Waal forces. The like charges (--&--) repel each other, but become linked through positively (++&++) charged proteins, called lectins, which interpose
The Pathophysiology of Oral Biofilms and it's relation to Initial Gum Disease and Caries between the glycocalyx (sometimes referred to as the fuzzy coat) and the tooth surface, to form a strong attachment bond. Other mechanisms assist in this attachment including divalent ions, like Mg++ and Ca++ which bind the tooth surface and glycocalyces of the bacteria, as well as lipoteichoic acid (an exotoxin from Gram-Positive bacteria), proline-and aniline-rich salivary proteins, and statherin (also a divalent charged protein) ( Figure  1 ) [7] [8] [9] .
Changes in the Biofilm Internal Environment
Fresh flows of saliva which, relative to plaque, is alkaline at pH 6.8, precipitates salivary Ca++ and this promotes the start and ongoing progress of calcifying PE as calculus. Consequently calculus is always infective as it incorporates viable bacteria. PE takes several hours (about 4 to 6 hours) to form, and evolves into a different and highly complex biofilm. Initially the biofilm is easily permeable to elemental exchanges and this is facilitated by molecular ionic interchanges in the matrix of the ECP. Consequently when acidic hydrogen ions are produced (by bacterial metabolism) or introduced (by dietary acidic intake) they gain rapid ingress, and the biofilm acts as a dynamic, ionic exchange gradient for charged elements. The acidic pH environment is variable, but when the pH drops to below pH6.5, Ca++ starts to be leeched out of the tooth and dissipates into the relatively alkaline saliva. The pH at 5.5 is referred to as the absolute "critical pH', but to start … at pH 6.5, and definitely at pH below 5.5,…mainly calcium and phosphorous, and other trace elements are leeched out of the constituent hydroxy-apatite crystals of the tooth. This loss of calcium may be reversible, but if this decalcification progresses, it is deemed the earliest stage of decay. The PE changes with stagnation after 48 hours into an Intermediate biofilm (Table 1 ) [8] . By 14 days the PE has morphed into a mature Climax Ecosystem (CE) with component bacteria into mainly gram negative, anaerobic and motile organisms. The major toxin of CE is endotoxin (Table 2) . Figure 3) . The climax mature ecosystem after stagnating for two weeks or more, becomes anaerobic, contains mainly Gram negatives, includes equal numbers of motile organisms to nonmotile, invade the soft tissues, and produces high doses of endotoxin and enzymes. Simultaneously CE may promote tooth decalcification.
Geographically different CE biofilms are prevalent among different societies. Various combinations of bacteria develop identifiably different biofilms, in different parts of the world. The species vary but the properties are similar, virulence and pathogenicity of CE's remaining the same (NIDCR Nov 2002).
Mechanisms of Destruction by Climax Oral Ecosystems
Oral CE biofilms cause periodontal disease by occupying space in the gingival sulcus. The array of ecosystems yield biochemicals formed by CE include: -acids, toxins and antigens, as well as potent Gramnegative bacterial endotoxin, combined with enzymes which facilitate most destruction. The enzymes include proteases, lipases and others, all of them combine to produce tissue necrosis. The CE biofilm inhibits renewing gingival cells reattachment to the tooth surface, and disrupts the junctional hemi-desmosome attachments plaques. The CE releases dystrophic biochemical signaling substances which exert direct cytotoxicity on the epithelium and connective tissue cells, as well promotes alveolar bone resorption. Substances like toxins and cytokines include endotoxin, Interleukin 1, 6, & 8, and TNF (Tumor Necrosis Factor-α) [10] [11] [12] [13] [14] .
This produces progressive periodontal disease, alveolar bone resorption, and finally teeth loss. The destruction of the epithelial attachment to the dental root, with disruption of the pocket lining, facilitates entrance of the CE biofilm microbes and their metabolites into the general circulation of the body, and contributes to endotoxemia and bacteremias (Table 3) . (Figure 5 ). As undisturbed plaque stagnates, the conversion from initial biofilm, into an invasive ecosystem, progresses over weeks. The bacterial plaques grow into an adherent, sticky, interdependent biomass with transport channels, colonies of flat biologically glued sessile growths, as well as floating planktonic ecosystems. Each form of colony growth can successfully seed each other, and the surrounding ECP matrix may act as a barrier to deeper layers of organisms [10] [11] .
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The internal structure of oral biofilm, produces multiple colonies of bacteria and grow nutrient channels which flow over and between the colonies. Metabolites are produced and exchanged as needed by the bacterial mix. Saliva provides and sustains moisture and nutrients which allow for continued growth. Floating planktonic clumps, seed off the sessile colonies and are transport to new sites. (Figure 6 ). The key for the change of the ecosystems is the transformation occurs with stagnation. The plaque alters its character and properties when left undisturbed for periods over days, weeks and months. The biomass increases in volume, number and biochemical virulence, and invade the soft tissue, while simultaneously allowing a dynamic leaching out of calcium and phosphorous from the dental hard tissues. Should the decalcified hard tissue fall prey to invading organisms, there is destruction, softening with liquefaction and finally cavitation. The early decalcification may be reversible, but once there is softening cavitation, frank tooth decay obtains and demands dentistry skills for arrest and repair.
Clinical Demonstration of Biofilm
Oral biofilms are usually camouflaged white and cannot easily be recognized when doing a clinical examination. This is why the term "materia alba" is used. However the biomass may be demonstrated using revealing stains and disclosing dyes, many of which are safely used in food colorings [15] . A relatively clean mouth, when using a disclosing solution, will not reflect major color stains on teeth. However a dentate mouth not brushed clean will show up the dye on the teeth. A neglected mouth, not sustained in health with oral hygiene care, will reflect progressive disease of the teeth and gums ( Figure 7A , Figure 7B and Figure 7C ) [15] . 
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Discussion
Biofilm may harbor pathogenic bacteria which affect the health of the upper gastrointestinal system. For example gastric ulcers may be caused by Helicobacter pylori resident in the oral biofilm, with H. pylori elimination from oral biofilm moderating formation of aphthous ulcers, and Herpes simplex virus [16] [17] [18] . It is feasible that oral biofilm contributes in the formation of septic shock [19] . Understanding and deconstructing the entire pathophysiology of biofilm initiation, progress and evolution is important in controlling its formation, and maturation. This is because at different stages the biofilm behaves in different ways and induces different pathologies. Neutralizing charged surfaces of teeth, and blocking ionic precipitation of bacteria (Streptococcus mutans, Staphylococcus albus and others) by mouthwashes which act as an electronic sink, disrupts the linking charges, and successfully stops attachments of bacteria to the tooth. Chlorhexidine gluconate mouthwash is one example of how this is exploited. Cetyl-pyridinium chloride is another example. Some mouthwashes inhibit growth and colonization of bacteria. Listerine® and Scope® (constituted by mainly organic disinfectant oils) are examples of these. The entire cascaded evolution to a pathogenic CE is stopped by physical disruption, by way of brushing and flossing. Mouthwashes do help in reducing planktonic bacteria, but don't disrupt ECP in the depths of the stagnating areas, and don't replace the thoroughness of brushing and flossing. The Water Pik™ is minimally effective as even with a medicated lubricant, while it may remove some superficial planktonic bacteria, it does not remove all the sessile adherent subgingival microbial plaques, nor these from periodontal pocket's (PD > 3.5mm) radicular surface [20] .
Recently claims that evidence for flossing is absent and consequently omitted by leading health authorities as a recommendation for oral hygiene practice [21] . This notion is refuted as spurious, deduced from global observations with thousands of dentists examining millions of dentate mouths, claiming it is self-evident that interdental gum disease and interproximal tooth decay does not form with daily flossing, and flossing does indeed disrupt early stagnant interproximal biofilm formation [22] .
The regular daily brushing and flossing interdentally, ECP build-up is disrupted and decalcification stops. Consequently with brushing there should be no decalcification and/or erosion, and no interproximal caries or gum disease. Subsequent cavitation by bacteria of decalcified tooth often leads to decay (or caries), but decalcification without cavitation manifests as erosion. Controlling the frequency, amount, timing and type of acidulated drink consumed, and the method of tasting and swallowing moderates the formation of erosion and attrition. Prevention of erosion is achieved mainly by avoiding swishing before swallowing.
The harmful effect of biofilm locally is to cause gingivitis, and later the CE destroys gingival attachments to teeth. Neglected uninterrupted gingivitis often, but not always, leads to periodontitis, especially in individuals with systemic predisposing co-factors like diabetes mellitus [23] .
Conclusion
Florid periodontitis presents the equivalent of a gram negative infected wound which could measure 30cms long. This hypothetical figure is derived from summing the total length of the advancing front of infected periodontal pockets surrounding the teeth. Severe periodontitis acts as an ongoing source of toxins, enzymes antigens and toxins which are continuously being drained into the circulation system. Endotoxin (ET) is an intrinsic part of most Gram-negative bacteria cell walls. Dead bacteria in blood will release reactive ET. There may be a negative blood culture for live bacteremia, but ET producing bacteria release residual ET which remains highly potent. Bacteremia and endotoxemia are not the same, and may not always be present together. ET is inactivated at 250 o C or more when heated at least one hour, and even though ET is heat labile, ET is not inactivated by conventional heat sterilizers (which rarely exceed 120 o C,) and boiling water. ET from gum disease may contribute to critical threshold levels of endotoxemia which predisposes to systemic disease [13] .
Most ET is produced from Gastrointestinal (GIT) bacteria but rendered inactive by bile salts. Changes in GIT function which alter intestinal permeability allows for endotoxemia with resultant symptoms. Severe Gram-negative cellulitis of any organ produces local and/or systemic effects of ET. The resultant systemic endotoxemia targets multiple organs and often renders them dysfunctional. The immune-compromised are at risk, with children and seniors being most frequently affected. An endotoxin concentration as low as 10 -9 g/ml causes the hypothalamus to Invading microbes are controlled through innate immunity which is enhanced by the TLR-receptor cascade [14] .
